Parallel lines a distance of d apart are drawn on a table . A needle of length e d
is thrown at random on the table. What is the probability that the needle will touch one of the parallel lines?
This remarkable problem comes from Georges Louis Leclerc, Comte de Buffon (1707 -1788 , who was the first person to express probability problems in geometric form.
Let W be the probability we are seeking. Let A and B be the endpoints of the needle. Suppose the parallel lines extend horizontally, and two adjacent parallels are I and II. Let d be the perpendicular distance between parallel lines, the distance PQ shown in the figure below.
Without loss of generality, we can assume that 1. A is on segment PQ, 2. the needle lies to the right of PQ, and
Indeed, if A is on PQ, but is otherwise arbitrarily situated, the number of possible positions for e, both those that touch I or II, or do not touch either of them quadruples (but this doesn't effect the probability). If B is on PQ instead of A, we get twice the number of positions as when A is on PQ. If A is not on PQ, then it is on a segment parallel to PQ, and we have a one-to-one correspondence between positions at that point as if A were on PQ. The addition of a third parallel III (i.e., a mirror image of I about II or vice versa), as well as the addition of the needle positions in which one end lies between II and III (or between I and III) gives again a one-to-one correspondence between needle positions that touch II and III, and that touch I and II. Note 3. The problem can be extended to grids of perpendicular lines, and to longer needles. See for example 50 Challenging Probability Problems by Frederick Mosteller (Dover Pub.).
Note 4. Readers today can easily use spreadsheets to simulate and extend the experiments of Wolf, Smith and Fox in estimating =.
Note 5. Probabilistic methods for approximation are called Monte Carlo methods.
